Purpose: Preoperative aspects and dimensions used for an anatomical (PADUA) classification is useful to predict perioperative complications and warm ischemia time. However, it remains uncertain whether PADUA classification can predict intraoperative conversion from partial nephrectomy (PN) to radical nephrectomy (RN). We evaluate whether PADUA classification parameters can predict conversion to RN during PN.
INTRODUCTION
Partial nephrectomy (PN) is the gold-standard treatment of small renal masses, and shows similar results as radical nephrectomy (RN) in oncological outcomes.
1 RN causes renal insufficiency and cardiovascular events that lead to increased morbidity and mortality. 2, 3 PN can provide excellent results in patients presenting with a renal mass in a solitary kidney, stage IV chronic kidney disease, multiple renal tumors, and hereditary disorder, thereby preventing the need for dialysis. 4, 5 Therefore PN should receive further attention as the treatment-of-choice for renal masses. 6 Laparoscopic PN (LPN) and robotic PN (RPN) were introduced as minimally-invasive PN treatments. Hurber et al. reported that the results of RPN are similar to those obtained with LPN. 7 Long et al. 7 reported that RPN had the merits of high definition, 3-dimensional optics, and wristed instruments.
However open PN (OPN) was still preferred in more complex surgical cases. The radius exophytic/endophytic nearness anterior/posterior location (RENAL) system, Centrality-index (C-index), and preoperative aspects and dimensions used for an anatomical (PADUA) classification system are well-known assessment tools of renal masses, to determine whether a given renal tumor was a suitable candidate for PN. These have validity as assessment tools for renal tumors undergoing nephron-sparing surgery (NSS). The RENAL system was developed in 2009, and considers renal tumor size, exophytic extension, distance between the renal tumor and the renal sinus and urinary collecting system (UCS), and tumor location. 8 The RENAL system has the advantage that the parameter measurements are generally easily measured. The exception is that it is not always easy to measure the distance between the tumor mass and the renal sinus/UCS, resulting in different distance estimates among observers. Also, coronal abdominopelvic computed tomography (CT) imaging or magnetic resonance imaging (MRI) is necessary to know the correlation between renal tumor orientation and renal polarity. The C-index was developed by Simmon in 2010, and calculates tumor size and renal site using preoperative contrast-enhanced CT imaging. This approach provided a better description of the renal tumor and is related to the postoperative nadir estimated glomerular filtration rate (eGFR) and the percent decrease in eGFR following PN. 10 However, the C-index is not simple and did not precisely calculate the actual renal tumor location. Therefore, Long et al. 7 said that the C-index did not predict PN perioperative outcome better than the PADUA and RENAL score systems.
The PADUA classification system is a tool for predicting patient outcome after NSS. This system was invented by urologists that were blinded to patient information. 9 The PADUA system differs from the RENAL system primarily in its evaluation of renal sinus/UCS involvement of the renal tumor. 
Surgical Outcome
The 17 patients in group 1 required intraoperative conversion to RN, and the 576 patients in group 2 received PN as origi- 
Tumor Assessment and Analysis of the Reasons for Intraoperative PN-RN Conversion
We assessed renal tumors using the PADUA classification system. Tumor assessment was composed of 2 steps. After 4 senior residents and 3 urology fellows received detailed instruction for renal tumor assessment, they evaluated the PADUA score of each patient. These initial assessment data were then reviewed by another fellow urologist. All investigators were blinded to patient outcomes. Multiple potential 
Statistical Analysis
Statistical analysis was performed by using IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA). Continuous variables between the 2 groups were tested using Student t-test.
Nominal parameters were analyzed using Pearson chi-square and Fischer exact test. Predictors of conversion to RN were assessed through univariate and multivariate logistic regression.
A p-value less than 0.05 was considered indicative of a statistically significant difference.
RESULTS

Demographic and Clinical Data
The mean age was 54.9±11.8 years for group 1 (n=17) and 53.4±12.8 years for group 2 (n=576). Male sex was 15 persons (88.2%) for group 1, and 400 persons (69.4%) for group 2.
There were no statistical differences between groups for preoperative creatinine or preoperative eGFR. (Table 2 ).
Univariate Analysis for Predicting PN Conversion to RN
We evaluated each item of the PADUA classification system to determine its impact on intraoperative PN to RN conversion rate (Table 3) (Table 3 ).
Multivariate Analysis for Predicting PN Conversion to RN
After conducting multivariate analysis to adjust for possible confounding parameters, it showed that UCS involvement (OR, 3.944; p=0.029) and renal sinus involvement (OR, 9.075; p=0.049) were significantly associated with conversion of PN to RN. Tumor size≥4 cm, which was strongly related to PN conversion to RN in univariate analysis, failed to achieve independent predictor status in multivariate analysis (Table 3) . Thus it is important to predict the likelihood of needing to intraoperatively convert from PN to RN.
DISCUSSION
There were many factors that could affect the need for intraoperative conversion from PN to RN. We divided these factors into anatomical aspects and pathophysiological aspects. In terms of anatomical aspects, large renal tumors or tumor discrepancies made dissection of the renal tumor more difficult and reduced the amount of remaining renal parenchyma.
Additionally, involvement of renal sinus and UCS made it difficult to discern clear tumor margins or the complete renal pelvis, and resulted in an increased PN to RN conversion rate. We found that tumor involvement of renal sinus was the most significant factor of intraoperative conversion to RN with odd ratio of 9.075. UCS involvement also had a significant impact on radical conversion during PN. Although they were not counted in the evaluation, we believe additional intraoperative factors such as difficulty of vessel clamping, and renal vessel injuries might have influenced on radical conversion during PN in some degree. Thus, radical conversion was in most cases caused by anatomical factors.
In a study by Galvin et al., 5 the conversion rate to RN was higher with larger renal tumors and when tumors were located closer to renal center. Long et al. 16 observed that increased renal tumor size and higher RENAL nephrometry scores increased the intraoperative PN to RN conversion rate. However, their classification of renal tumors to the medial or peripheral kidney was ambiguous, and reproducibility was poor. Thus there remains no consensus regarding which factors, besides tumor size, increase the PN to RN conversion rate.
For evaluating the influence of any parameter on radical conversion rates in NSS, it is necessary that the reproducibility of diagnostic tools is high and assessment is easy. Because of these reasons, we investigated the effect each item of the PADUA classification scale on intraoperative conversion from PN to RN. The PADUA classification is composed of six parameters, plus anterior or posterior surface. Among these parameters, tumor size and the involvement of the renal sinus/UCS were the most important factors in predicting the need for radical conversion. Tumor location was not a predictor of conversion in our study, in contrast to findings in other studies. 5 We showed that tumor involvement of UCS or renal sinus were the most important factors in predicting intraoperative PN to RN conversion, in both univariate and multivariate logistic regression analyses.
The pathophysiological condition of patients should be con- 16 (16% PN to RN conversion rate), and were also lower than the rate reported by Galvin et al. 5 (6% conversion rate). The reasons for our lower conversion rate may be that our procedure was performed by a highly experienced staff urologic surgeon in Seoul National University Bundang Hospital.
There were some limitations to our study. 
CONCLUSIONS
The PADUA classification is a useful tool to predict the likelihood of intraoperative PN to RN conversion. Tumor involvement of UCS or renal sinus appear to be the best predictors of radical conversion in patients undergoing PN. Further surgical experience is required to differentially validate PADUA predictive power of radical conversion in OPN versus RPN.
